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We consider an extended supersymmetric SO(10) seesaw model with only doublet Higgs scalars,
in which neutrino masses are suppressed by the scale of D-parity violation. Leptogenesis can occur
at the TeV scale through the decay of a singlet Σ, thereby avoiding the gravitino crisis. Washout of
the asymmetry can be effectively suppressed by the absence of direct couplings of Σ to leptons.
PACS numbers: 12.10.-g,12.60.-i, 12.60.Jv, 14.60.St
One of the most attractive scenarios to account for
the baryon-to-photon ratio of the universe is leptogene-
sis [1, 2] in the context of the seesaw-mechanism [3, 4, 5,
6, 7]. According to this the out-of-equilibrium decays of
the lightest right-handed (s)neutrinos produce a net lep-
ton number which is later reprocessed into the observed
baryon asymmetry. However, if they are thermally pro-
duced in the early universe, the reheating temperature
(TR) should exceed∼ 10
9 GeV [8, 9]. In the context of su-
persymmetry, this leads to the overproduction of graviti-
nos, with catastrophic consequences for the evolution of
the universe [10]. Although somewhat model-dependent,
the upper bound on TR from gravitino overproduction
is rather stringent and can be as strong as TR < 10
6−7
GeV [11].
Here we suggest a way to cure this problem by ex-
tending the seesaw mechanism. In contrast to Ref. [12]
we keep R-parity conserved and adopt a grand unified
SO(10) model, already proposed in [13]. The model re-
quires three sequential gauge singlet superfields Si, i =
1, 2, 3 in addition to the three usual fermions in the 16-
dimensional representation of SO(10) [14]. In contrast to
conventional seesaw, the left-right symmetry is broken
only by Higgs doublets [15, 16, 17]. One remarkable fea-
ture of these models is that the scale of neutrino masses
is independent of the (B − L) breaking scale [13]. We
assume an additional singlet superfield Σ without direct
couplings to the usual matter multiplets. It is the out-of-
equilibrium decay of this superfield Σ that drives leptoge-
nesis. Its mass can be as low as TeV, thus avoiding con-
flict with reheating bounds [11]. Moreover, in contrast to
the simplest, unextended seesaw, one can naturally sup-
press erasure of the created asymmetry due to washout
processes without conflicting with the magnitude of neu-
trino masses indicated by oscillation experiments [18].
We consider the symmetry breaking pattern
SO(10) → SU(3)c × SU(2)L × SU(2)R × U(1)(B−L)
→ SU(3)c × SU(2)L × U(1)R × U(1)B−L
→ SU(3)c × SU(2)L × U(1)Y
→ SU(3)c × U(1)Q. (1)
We also impose a global U(1)G symmetry, under which
all three minimal SO(10) matter supermultiplets in the
16 are neutral and the gauge singlet superfields Si, i =
1, 2, 3 carry non-zeroG-charge. In addition, we introduce
two singlets Σ and X with G = 0 and invariant under
D−parity, coupled to each ther so that both X and Σ can
be produced thermally and Σ picks up a mass, from the
vacuum expectation value (vev) of the scalar in X . Note
that Σ does not couple directly with any other fields we
2shall just consider in what follows Σ as having simply a
bare mass term MΣ.
For the symmetry breaking we consider the minimum
number of Higgs scalars. In addition to the adjoint, we
break the group SO(10) with a 210-representation, which
also contains a D−parity odd singlet σ ≡ (1, 1, 1, 0) ⊂
210. The left-right symmetry is broken by a 16−plet
of Higgs (this contains χR and χL) with G-charge op-
posite to that of the singlet matter fields Si. The elec-
troweak symmetry is broken by a 10−plet (φ) of SO(10),
neutral under G, which contains the usual bi-doublet
field. Under the left-right symmetric subgroup GLR ⊂
SO(10) the transformations of the remaining fields re-
sponsible for symmetry breaking are φ ≡ (1, 2, 2, 0) ⊂ 10,
χR ≡ (1, 1, 2, 1) ⊂ 16 and χL ≡ (1, 2, 1, 1) ⊂ 16. The
electric charge assignment and U(1) normalization are,
Q = T3L + T3R +
B − L
2
= T3L +
Y
2
.
The Yukawa couplings relevant for neutrino masses are
LY = Yijν
c
iLνjLφ+FijνiLSjχL+ F˜ijν
c
iLSjχR+MΣΣΣ.
(2)
Note that a direct Majorana mass term for the singlet
fields Si is forbidden by the U(1)G quantum number and
the fact that the only singlet scalar σ is odd under D-
parity, while SiSj are even under D − parity. For the
same reason, σ cannot couple to Σ, although a bare mass
for Σ is allowed. This mass can be of the order of TeV.
We also introduce a soft term breaking U(1)G, which
allows mixing between these fields ΣSi.
This will then give a 10× 10 neutrino mass matrix, in
the basis (νi, Σ, ν
c
i , Si):
Mν =


0 0 Y v FvL
0 MΣ 0 ∆
T
Y T v 0 0 F˜ vR
FT vL ∆ F˜
T vR 0

 (3)
where, v = 〈φ〉, vL = 〈χL〉 and vR = 〈χR〉 are the vevs for
the fields φ, χL and χR respectively and ∆ is the U(1)G
breaking entry. This mass matrix will give two heavy
states which are dominantly the right-handed neutrino
νciL and the singlets Si, with a lighter state Σ. Using
the seesaw diagonalization prescription given in Ref. [6]
we obtain the effective left-handed light neutrino mass
matrix as
mν =
1
MΣ
GGT −
[
Y (FF˜−1)T + (FF˜−1)Y T
] vvL
vR
(4)
where G ≡ Y (F˜−1)T v∆
vR
.
The first contribution in eq. (4) arises from the soft
U(1)G breaking term. In order to keep the absolute neu-
trino mass scale in the eV range one should require
v2|∆|2
MΣv2R
. eV, (5)
indicating the need for the smallness of G-violation.
We now turn to the second term. First note that its
structure is different from the conventional seesaw, first
that it is linear in the Yukawa coupling Y [13]. In order
to discuss its magnitude we consider the minimization of
the most general scalar potential. This will determine
the vevs of the different fields:
〈φ〉 = v; 〈χL〉 = vL; 〈χR〉 = vR; 〈σ〉 = η.
In models of D−parity violation it is usual to choose
the parameters of the potential to make the masses of the
left-handed and right-handed fields different. A similar
prescription also holds in the presence of superymme-
try, so that we can have D−parity violation at a high
scale, whereas the B − L symmetry is broken at a scale
that can be as low as the electroweak symmetry breaking
scale. Since the D−parity breaking scale is much higher
than the scale at which the left-right symmetry breaks,
and this in turn is higher than the electroweak symmetry
breaking scale, one has the “vev-seesaw” relation
vL ∝
vRv
MX
, (6)
where MX is determined by the SO(10) breaking vevs,
so that the second contribution to the neutrino mass in
Eq. (4) becomes naturally small, suppressed by the uni-
fication scale, irrespective of the (B − L) violating scale
vR [13] which can be rather low [13]. This is in sharp
contrast to the conventional left-right symmetric seesaw
models.
Note that in the present model we have a U(1)G global
symmetry, which is broken by the vev 〈χR〉 and also ex-
plicitly through the soft ΣS bilinear mixing terms [21].
All in all, one can have naturally small neutrino masses
independent of the magnitude of the (B − L) symmetry
breaking scale, which may be as low as the TeV scale.
We now discuss the issue of leptogenesis in this model.
It can occur only after the local (B − L) ⊂ SO(10) sym-
metry is broken. It will take place through the decay of
the singlet fermion Σ. In order to get the total width of
3Σ decaying to a lepton-Higgs pair via the mixing with
the νc and S fields one should transform the relevant su-
perpotential term from the defining basis (ν, Σ, νc, S) to
the physical matter and Higgs doublet fields and identify
the effective Yukawa coupling of Σ to the light lepton-
Higgs pair LH . This way the total width of Σ is given
by (treating YΣ as a column vector)
ΓΣ ∼
1
8pi
Y †ΣYΣMΣ (7)
In order to estimate YΣ we need to compute the pro-
jection UνcΣ of Σ onto the ν
c’s. This will determine the
relevant effective coupling of the Σ to LH pair [22].
In order to do that let us use again the perturba-
tive seesaw diagonalization prescription of Ref. [6]. The
method is especially convenient to the discussion of lep-
togenesis, as it includes all CP phases. One finds, at
leading order:
UνcΣ = (F˜
−1)T
∆
vR
, YΣ = αHY (F˜
−1)T
∆
vR
Note that the G-breaking quantity ∆ determines UνcΣ
and YΣ. This can be easily understood from the Feyn-
man diagrams for the effective Yukawa coupling YΣ, c.f.
Fig. 1. The figure illustrates the (lowest order) tree-
level graph giving rise to the effective ΣLH Yukawa
interaction. Notice that this decay can occur out-of-
equilibrium for moderately large values of the Yukawa
couplings since, for sufficiently small values of the pa-
rameter ∆, the effective LHνc vertex will be suppressed,
as seen from the graph.
FIG. 1: Lowest order tree-level graphs giving rise to the ef-
fective ΣLH Yukawa interaction; for more details see text.
The decay width of Σ is estimated as
ΓΣ =
α2H
8pi
∆†
vR
(F˜−1)†Y †Y (F˜−1)
∆
vR
MΣ (8)
The interference of one loop diagrams and tree level
diagrams (see Fig. 2) generates a lepton asymmetry.
Keeping only the contribution of the lightest N±1 pair
FIG. 2: Tree level and one loop diagrams for the decay of Σ
that interferes to generate a lepton asymmetry of the universe.
we obtain the following estimate for the CP asymmetry
produced in the decay of Σ,
εΣ ∝ −
3
16pi
MΣ
M1
Im[(Y †ΣFkUSαχk)1(Y
†
ΣY UNαH)1]
Y †ΣYΣ
, (9)
where αχk are the projections of the light MSSM-like
Higgs doublet onto the defining Higgs doublets in the 16
k
H
and M1 is the mass of the (almost degenerate) lightest
pair of the N± ≡ 1√2 (ν
c ± S) states. In addition
UTN F˜ vRUS = diag(M1,M2,M3), (10)
The main feature of this scenario is that the suppression
factor of ∆/vR does not enter in the amount of asymme-
try generated in the decays of Σ. At the time of decays
of Σ, the number densities of the right-handed neutrinos
and the singlets Si should be fairly less so that they do
not wash out the asymmetry generated by the decay of Σ,
which is subsequently converted to a baryon asymmetry
by the sphaleron processes. Since the neutrino masses
are maintained small by the scale of D-parity violation,
and thermal production of Σ depends only on its cou-
pling to X , there is no restriction from neutrino masses
on the couplings YΣ, which are dependent on the scale of
B − L violation.
In order to induce successful leptogenesis the Σ must
decay before the electroweak phase transition. Moreover
Σ decay must take place out-of-equilibrium, i. e. one
must fulfill the condition ΓHubble > ΓΣ > Γsphaleron.
Fig. 3 shows the typical correlations among the mag-
nitudes of parameters vR, ∆ and MΣ leading to roughly
η ∼ εΣκ/g∗ ∼ 6×10−10, where g∗ is the relevant number
of degrees of freedom ∼ 2 × 102, κ is 1 if the width is
well below the Hubble rate, and falls exponentially oth-
erwise [23]. In our estimates we assume all Yukawas are
4order unity, e.g. |F˜ | ∼ |Y | ∼ 1. For a given vR there is
only a certain range forMΣ: i) the lower bound indicated
by the lower solid line comes from the need to generate
enough asymmetry (proportional to MΣ/|F˜ |vR) while ii)
the upper bound stems from the need to have MΣ below
M1. Note that in the upper right region wash-out is neg-
ligible, here the asymmetry εΣ is essentially constant as
∼MΣ/|F˜ |vR. On the other hand, in the region left of the
dotted line with εΣ = 10
−7 one would have too large an
asymmetry, εΣ > 10
−7, were it not for the fact that, in
this region, this is compensated by a certain amount of
wash-out, so as to lead to an acceptable asymmetry. Note
FIG. 3: Leptogenesis parameter region (see text).
also the relative smallness of the G-breaking ∆ parame-
ter. One sees, for example, that successful leptogenesis
can occur for MΣ = 1 TeV and low vR = 10 TeV.
In short, we have considered a supersymmetric SO(10)
seesaw model with only doublet Higgs scalars, in which
neutrino masses are suppressed by the scale of D-parity
violation, regardless of the value of the (B−L) violating
scale, which can be low. This would allow for the exis-
tence of new physics (e. g. a Z ′ gauge boson) accessible
at accelerators. Leptogenesis can occur at the TeV scale
through the decay of a singlet Σ, thereby avoiding the
gravitino crisis. Washout of the asymmetry is suppressed
by the absence of direct couplings of Σ to leptons.
Note that the mechanism described here involving the
addition of the Σ field is very natural in the framework of
the extended seesaw model but not in the simplest type-
I seesaw scheme [19]. Details of the mechanism and a
critical comparison with unextended seesaw schemes will
be presented elsewhere [20].
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